Fractionation of methylene chloride extracts of the resin of Ferula vesceritensis and F. sinaica afforded three new sesquiterpene coumarins and a new glucose derivative. One of them was a sesquiterpene with a rare carbon skeleton. The structures of these compounds were determined by extensive NMR studies, including DEPT, COSY, NOE, HMQC, and HMBC.
Introduction
The exclusively old-world genus Ferula belonging to the family Apiaceae has some 130 species distributed throughout the Mediterranean area and Central Asia. These plants are often used as spices and in the preparation of local drugs. The resins are reported to be used for stomachic disorders such as a febrifuge and carminative agent (Boulus, 1983) . Some species are used in traditional medicine for the treatment of skin infections (Appendino et al., 2002) and hysteria (Boulus, 1983) . Previous work on members of this genus revealed that the main constituents are sesquiterpenes and sesquiterpene coumarins (Gonzalez and Barrera, 1995; Appendino et al., 1997; Kojima et al., 1999 Kojima et al., , 2000 Chen et al., 2000; Su et al., 2000; Murray, 1989; Ahmed, 1999; Nagatsu et al., 2002; El-Razek et al., 2003) . Some compounds isolated from Ferula species (e.g. F. communis L.) show poisonous effects due to prenylcoumarins, which mainly affect sheep and goats, cattle, and horses (Rubiolo et al., 2006) . For F. sinaica, extracts inhibited the spontaneous movements of rabbit jejunum and guinea pig ileum and acetylcholine-induced contractions. Extracts also inhibited the contractions of rabbit tracheal smooth muscle induced by acetylcholine stimulation and the contractions of guinea pig tracheal smooth muscle induced by histamine stimulation (Aqel et al., 1991) .
The biological importance of members of this genus prompted us to investigate the roots of F. vesceritensis Coss et Dur, previously not chemically investigated, to afford two new sesquiterpene coumarins (1 and 2). Also, re-investigation of the roots of F. sinaica L. yielded a new sesquiterpene coumarin 3 (named as ferulsinaic acid), an enantiomer 4 of samarcandone and a glucose derivative (5), in addition to the known compounds coladin (6) and coladonin (7) (Ban'kovskii et al., 1970; Appendino et al., 1997) , feselol (8) (Ahmed 1990) , lancerodiol p-hydroxybenzoate (9) (Fraga et al., 1985) and jaeschkeanin (10) (Diab et al., 2001 ).
Results and Discussion
Compound 1 was assigned a molecular formula of C 24 H 30 O 5 by HRFABMS (m/z 399.2165). The structure of 1 was established from analysis of its 1 H NMR (Table 1) and 13 C NMR spectra ( C NMR spectrum of 2 showed 29 carbon signals that were classified by DEPT and HMQC as: carbonyl esters at δ C 167.7 and 161.2, an oxygenated methylene at δ C 65.7, and five methyls, five methylenes, nine methines and seven quaternary carbons. In the HMBC spectrum, the secondary alcoholic proton at δ H 4.56 (H-3´) showed long-range correlations with the carbon signals at δ C 167.7 (C-1″), 23.1 (C-2´) and 28.9
(C-13´), which clearly places the angelate moiety at C-3´. The stereochemistry of 2 was deduced from comparison of its coupling constants and chemical shifts with those of coladonin (Appendino et al., 1997) and from NOE experiments (Fig. 2) . Irradiation of the signal at δ H 4.56 (H-3´) enhanced the signal at δ H 0.86 (H-13´) and 1.39 (H-5´).
Therefore, the structure of 2 was determined to be 3-angeloxycoladonin, a new natural compound.
Ferulsinaic acid (3) (Ibraheim and Abdallah, 1996; Ahmed, 1990) , similar to the formation of galbanic acid (Bagirov et al., 1979) , as shown in Fig.   4 . Although the suggested biosynthesis of galbanic acid involves a methyl transformation (C-15´) from C-10´ to C-9´, ferulsinaic acid does not follow the same route. The structure of ferulsinaic acid (3) is of particular interest since it is the first member of a new rearranged class of sesquiterpene coumarins from the genus Ferula.
HRFABMS of compound 4 showed a pseudomolecular ion peak [M+H] + at m/z 399.2180, in accordance with the molecular formula C 24 H 30 O 5 . The structure of 4 was determined from analysis of its 1 H NMR and 13 C NMR spectra (Tables 1 and 2 The known compounds coladin (6) and coladonin (7) (Ban'kovskii et al., 1970; Appendino et al., 1997) , feselol (8) (Ahmed, 1990) , lancerodiol p-hydroxybenzoate (9) (Fraga et al., 1985) and jaeschkeanin (10) (Diab et al., 2001 ) were isolated and identified by comparison of their spectral data with the literature.
Thus, phytochemical investigation showed that F. vesceritensis mainly contains sesquiterpene coumarin compounds, indicating that it might be very closely related to F. sinaica in terms of chemotaxonomy.
Experimental

General
1 H NMR (500 MHz, CDCl 3 ), 13 C NMR (125 MHz, CDCl 3 ) and 2D spectra were recorded on a JEOL Lambda 500 spectrometer, with TMS as an internal standard.
FABMS and HRFABMS were recorded on a JEOL SX102A mass spectrometer. IR spectra were recorded on a JASCO FT/IR-5300 spectrometer. 
Plant material
Extraction and isolation
Root of F. vesceritensis (800 g) was crushed and extracted with CH 2 Cl 2 -MeOH
(1:1) at room temperature. The extract was concentrated in vacuo to obtain a residue of 30 g. The residue was fractionated on a silica gel column (6×120 cm) eluted with hexane (3 L), followed by a gradient of hexane-CH 2 Cl 2 up to 100% CH 2 Cl 2 and CH 2 Cl 2 -MeOH up to 15% MeOH (2 L of each solvent mixture). The hexane-CH 2 Cl 2 (3:1) fraction was subjected to a silica gel column (2×60 cm) and eluted with hexane-CH 2 Cl 2 -MeOH to give three sub-fractions. Sub-fraction 1 was further purified on a silica gel column (2×40 cm) eluted with hexane-EtOAc (6:1) to afford 2 (10 mg).
Sub-fraction 2 was further purified on a silica gel column (2×40 cm) eluted with hexane-EtOAc (4:1), and then further separated by TLC to afford 6 (5 mg) and 7 (3 mg).
Sub-fraction 3 was further purified on a silica gel column (2×40 cm) eluted with hexane-EtOAc (3:1) to afford 1 (27 mg).
Air-dried roots (1.7 kg) of F. sinaica were ground and extracted with CH 2 Cl 2 at room temperature. The extract was concentrated in vacuo to obtain a residue of 55 g.
The residue was fractionated by column chromatography (6×120 cm) on a silica gel column eluted with hexane (3 L), followed by gradient elution with hexane-CH 2 Cl 2 up to 100% CH 2 Cl 2 and finally with CH 2 Cl 2 -MeOH (85:15). The hexane-CH 2 Cl 2 extract
(1:3, 7 g) was purified by HPLC (MeOH-H 2 O, 73:27) to afford 3 (5 mg), 4 (12 mg), and a mixture of two compounds that were separated by TLC (ether-hexane, 5:1) to yield 6 (40 mg), 7 (25 mg) and 8 (35 mg). The CH 2 Cl 2 (100%) fraction (14 g) was subjected to a Sephadex LH-20 column (2×60 cm) eluted with hexane-CH 2 Cl 2 -MeOH (7:4:0.5) to afford 9 and 10. The CH 2 Cl 2 -MeOH (85:15) fraction gave an amount of crude 5, which was converted to tetraacetate 5a and purified. 
